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RESULT  SUMMARY 

Storage  Tank  Numbers  1,  2  and  3  were  subjected  to  eight  vertical  automated  thickness  mapping 
examinations  using  the  P-SCAN  equipment.  Additionally,  two  10’  long  horizontal  scans  were  performed 
for  each  tank.  These  scans  served  to  establish  a  baseline  for  Tanks  1  and  3,  and  re-assess  the  existing 
baseline  areas  of  Tank  #2  (Ref.  DNV  Report  C04489).  The  areas  scanned  on  Tanks  1,  2,  and  3,  reveal 
only  slight  variations  of  wall  thickness,  although  a  smaU  localized  area  of  Tank  #2  was  found  to  have 
experienced  a  wall  loss  of  0.090  inches  since  the  March  1989  baaeline.  This  thinning  prompted 
scanning  of  two  additional  horizontal  scans  to  evaluate  the  extent  of  the  thickness  reduction. 

Application  of  Extreme  Value  Analysis,  EVA  (a  statistical  technique  used  to  calculate  the  maximum  pit 
depth  for  the  entire  tank  wall]  predicted  slight  wall  loss  in  Tanks  1  and  8,  and  predicted  the  presence 
of  the  Tank  #2  thin  area 

Radiographic  surveys  were  performed  on  the  attachment  valves,  V-1  through  V-8.  Two  exposures 
(horizontal  and  vertical)  were  obtained  for  each  valve.  Tank  #2,  V-?  and  V-8  were  the  only  valves 
reported  to  have  corrosion.  A  machine  screw  was  found  in  Tank  #1,  V-6. 

A  hill  accounting  of  the  surveys  may  be  found  in  the  following  sections. 


EVA  Prooedure:  Version  1.1  MEVA  Bar.  HP  V1.2 
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INTBQDUCnON 


Three  storage  tanks  70’  diameter  and  40’  in  hei^t  were  placed  in  service  in  1987  for  interim 
storage  of  hazardous  waste  at  the  Bocky  Mountain  Arsenal.  The  tank  walls  were  constructed 
of  five  steel  plate  courses  rangbg  in  nominal  thickness  from  0.76"  to  0.96",  thereby  providing 
ample  corrosion  allowance.  Each  tank  was  fitted  with  a  plastic  liner  which  extended  over  the 
floor  and  against  the  wall.  It  was  discovered  that  the  liner  in  Tank  #2  had  developed 
perforations  which  allowed  storage-product  contact  with  the  steel  wall. 

At  the  time  of  liner  perforation,  the  rate  of  corrosion  was  not  determined.  As  an  complement 
to  corrosion  rate  studies  (which  showed  corrosion  rates  from  0.028"  to  0.260"  per  year),  an  in- 
situ  corrosion  monitoring  program  was  formulated. 

Over  the  period  of  March  13  through  March  20,  1986,  DNV  Industrial  Services  conducted  a 
series  of  'T-SCAN  thickness  mapping  surveys  to  establish  a  corrosion  monitoring  baseline  of 
Tank  #2.  Continuation  of  the  program  in  October,  1686  included  rc-scanning  of  the  Tank  #2 
baseline  areas,  plus  establishing  baseline  data  of  Tank  #1  and  Tank  #3. 

This  report  describes  and  documents  the  scanning  conducted  during  the  October  surv^.  Vessel 
referencing  and  scanning  technique  are  addressed  to  ensure  reproducibility  in  subsequent 
■winning  sessions. 

Previous  Uttraaonk:  BaaeHne  Data 

Members  of  the  DNV  QAS  group  obtained  pre-service  baseline  thickness  data  in  May,  1688. 
Twelve  sample  areas  were  selected  for  each  of  the  three  tanks,  with  each  sample  area  measuring 
18  X  24  inches.  Thickness  measurements  were  taken  within  each  sample  area  using  a  8"  grid, 
providing  a  total  of  63  measurements  for  each  sample  area.  Paint  was  removed  at  each 
measurement  location.  Full  details  of  the  DNV  QAS  baseline  measurement  prqject  may  be 
found  in  the  QAS  report  number  66-1400-63-01.  Excerpts  of  the  QAS  report  that  are  relevant 
to  this  examination  report  are  noted  in  the  Diacucaion*s«icti'>n. 


The  following  equipment  was  used  to  conduct  the  T-SCAN  surveys  of  Basin  F  Storage  Tanks. 


P-SCAN  Processor 

Automatic  Scanner  AWS-6S 

DSC  Block,  Steel 

Step  Wedge,  Steel 

Couplant 

Cables 

Search  xinit 


#205 

#002 

#797021 

#88-6014 

Water/Water-antifreeze 

RG-68,  26  meters 

Sigma,  Dual  Element, 

4.0  MHz,  SDC4-F6.6,  s/n  7001-88006 


All  ultrasonic  equipment  has  current  calibration  in  accordance  with  DNV  procedures. 


P^OJBgrsCQPg 


The  goals  of  the  October,  1989  scanning  session  were  to  execute  all  of  the  following  tasks  for 
each  of  the  three  tanks: 

a.  Perform  automated  thickness  mapping  of  a  12"  wide  vertical  strip  extending 
vertically  from  the  wind  ^der  to  the  primary  floor.  A  vertical  scan  was  to  be 
performed  approximately  every  45  degrees,  for  a  total  of  ei^t  scan  sequences. 

b.  Perform  automated  tliickness  mapping  of  two  12"  wide  harixootal  strips,  each 
extending  for  120"  in  length.  The  horizontal  scans  were  confined  to  Course  6 
and  placed  (1)  between  the  transfer  liiie  flanges  and  (2)  over  the  manway 
without  the  code  plate. 

c.  Apply  a  statistical  extrapolation  (known  as  Extreme  Value  Analysis,  EVA)  to  the 
automated  T-SCAN  vertical  surveys  to  predict  the  maTimnm  pit  depth. 

d.  Obtain  vertical  and  horizontal  radiographic  exposures  of  eight  1.6"  diameter 
valves.  Hence,  for  each  tank,  16  exposures  were  required. 

AiMHintml  Documentaliaii  of  Tank  #2 

During  evaluation  of  stirvey  data,  it  was  noted  that  a  localized  area  of  Tank  #2  experiencfad  a 
substantial  change  in  wall  profile.  Consequently,  DNV  was  requested  to  carry  out  two 
additional  horizontal  scans  to  assess  the  extent  of  loss. 


4.0 


PROJECTT  ORGANIZATION  AND  VESSEL  BEFEBENCING 


4.1 


4.1.1 


4.1.2 


An  arbitrary  referencing  scheme  was  established  at  the  inspection  site,  which  is 
illustrated  in  Figcure  4.1  through  Figure  4.6  and  discussed  below. 


The  wall  courses  are  arbitrarily  numbered  as  1  through  6.  The 
top  course  with  the  wind  girder  is  Course  1,  and  the  bottom 
course  at  the  primary  floor  is  Course  6. 


Scan  Sequence  Nos.  Scan  sequences  are  designated  by  numbers  extending  firom  Scan 
1  through  Scan  6,  with  Scan  1  on  the  North  ^de.  Scan 
Sequence  numbering  continued  counter-clockwise  (looking  from 
the  top).  Scan  sequences  were  positioned  whereby  automated 
exams  would  intersect  the  pre-service  grid  measurement  areas 
where  practicable. 


Nossle  Referencing  Nozzles  and  manway  designations  are  noted  in  Figures  4.1 
through  4.3.  Valves  V-1  through  V-8  were  subjected  to 
radiographic  examination. 


Scan  Sequenoea  and  T-SCAN  File  Conventkm 


Each  image,  or  part,  of  a  scanning  sequence  is  identified  with  a  filename  (ITEM)  which 
may  be  used  to  correlate  the  image  with  a  uniquely  identifiable  portion  of  the  scan  area. 
The  filename  may  be  found  at  tlie  lower  right  comer  of  each  T-SCAN  printout. 
Filenames  for  the  aurvqya  were  defined  as  discussed  below. 


Vertical  Scans 


While  a  continuous  vertical  scan  was  accomplished  at  each  of  the  eight  scan  locations, 
each  vertical  scan  was  divided  into  6  scan  sequences  of  approximate  length  96  bches. 
(Figure  4.6).  Additionally,  each  96”  long  sequence  is  composed  of  4  parts  or  images 
of  dimension  12”  x  24”.  The  segmenting  of  Image  data  is  necessary  for  documentation 
and  accurate  referencing.  The  image  files  saved  on  3.6”  floppy  diskettes  follow  the 
convention; 


TKn-S8(]c.p 


where  TKn 
Ss 
Cc 
•P 


Identifies  the  Tank  Number,  ’n’ 
Identifies  the  vertical  gcan  number 
Identifies  the  Course  number,  ’c’ 
Denotes  the  part  number 


Horizontal  Scans 


All  horizontal  scans  are  120”  in  length  and  reside  in  course  5.  The  horizontal  scan  file 
convention  is  similar  to  that  of  the  vertical  scans: 


TKn-HhCc.p  where  TKn 
Hh 
Cc 
•P 


Identifies  the  Tank  Number,  ’n* 

Identifies  the  Horizontal  scan  number,  'h* 
Identifies  the  Course  number,  ’c’ 

Denotes  the  part  number. 


1 


Horizontal  scan  locations  are  documented  in  Figures  4.4  and  4.6. 
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Zero  Beferendng 

For  each  vertical  course  sequence  2-5,  the  zero  reference  point  is  the  center  of  the  upper 
course  girth  weld  as  illustrated  in  Figure  4.6.  The  bottom  of  the  wind  girder  was 
utilized  as  the  zero  reference  for  Course  1. 

Zero  referencing  for  horizontal  sequences  is  illiistrated  in  Figures  4.4  and  4.6. 

Scan  T^v«tinn  Marks 

The  extremes  of  the  12”  scan  width  are  stamped  and  identified  with  paint.  This 
identification  was  performed  at  the  scan-start  and  scan-end.  In  terras  of  T-SCAN 
positioning,  the  stamp  mark  pairs  denote  y-travel  fi>om  -6.0  to  6.0  inches. 

Scanner  Powtinning 

The  automatic  sernner  AWS-5S  attaches  to  the  vessel  wall  by  means  of  magnetic  wheels, 
and  acannor  travel  is  directed  by  microawitches  aligned  with  a  magnetic  strip. 
Consequently,  placement  of  the  strip  is  critical  to  reproducibility.  For  this  application, 
a  chalk  line  was  used  to  produce  a  visible  reference  line  for  magnetic  guide  strip 
placement.  In  this  fashion,  the  magnetic  strip  is  spaced  equidistaiitly  from  the 
inspection  area. 

Scanner  He- Positioning 

In  the  course  of  8ub8C<iuent  sitrveys,  it  is  recommended  that  the  chalk  line  be  equally 
spaced  fi-om  the  position  stamp  marks  to  ensure  optimum  scan  reproducibility. 


aO  CTAMTOATTON  mFTJTBNrTO4 


Paint 

The  presence  of  paint  wiU  affect  the  measured  thickness  of  steel  by  approximately  3  to  4  times 
the  paint  thick-^eas.  Fsr  example,  if  paint  is  0.006”  thick,  the  measured  wall  thickness  is 
increased  by  approximately  0.C16  to  0.020".  In  the  course  of  these  surveys,  variations  in  paint 
thickness  and  smoothness  were  observed. 

Surface  InconsistencieB 

Examination  surface  irregularities  (eg.  grit  imbedded  in  the  paint,  rolling  gouges)  were  observed 
in  tht(  course  of  scanning.  These  influences,  while  unavoidable,  may  promote  increased 
thickness  measurements  in  localized  areas. 

Wind 

Fair^  strong  winds  were  encountered  during  scanning.  7/hile  wind  does  not  affect  thickness 
measurement,  it  is  possible  that  a  small  displacement  of  the  ’plumb’  chalk  line  resulted  from 
winds,  which  would  affect  scanner  positioning  with  respect  to  the  desired  irjpection  area.  The 
strip  displacement  did  not  exceed  I  inch. 

TwBMfdtwa 

We  observed  air  temperatures  ranging  from  25F  to  BOF.  The  temperature  variations 
encountered  during  a  scanning  day  necessitated  frequent  calibration  checks-oilen  exceeding  the 
minimum  requirement  of  procedure.  In  no  case  did  calibration  vary  in  excess  of  O.OC6  Inches 
from  known  values. 

Girth  Welds 

Prior  to  the  October  scanning,  the  girth  welds  were  ground  Hush  with  the  shall  material.  This 
enabled,  in  most  cases,  thickneu  msaaurement  over  the  weld  .vea.  It  is  important  to  note  that 
the  Tank  #2  scanning  of  March,  1989  was  performed  ’vith  reinforcement  in  the  as-welded 
condition,  and  thickness  measurement  adjacent  to  and  over  the  weld  was  not  possible. 

Stairwell 

The  stairwell  obstructed  data  collection  for  a  portion  of  some  vertical  scan  sequences.  The 
UTJAcanned  length  is  noted  on  the  data  uheet. 

Wind  Girder 

The  wind  girder  obstructed  scanning  for  approximately  the  first  19  inches  of  the  vertical  course 
1  scanning  sequence. 


7.0  DATA  KE!PQBTING 

7.1  T-SCAN  Data  (A^ipeodiz  1,  %  and  3) 


Data  from  the  automated  acana  is  preaented  in  table  and  hardcopy  image  form.  The  tablea 
Indicate  the  ituudmiun,  average,  and  miniirum  thlcknesa  for  scan  part  The  biaaed 
minimtun  thickness  (in  millimeter  units)  used  in  EVA  calculations  is  noted  in  the  ’comments’ 
column  for  part:(n  of  each  vertical  scan.  Additionally,  for  Tank  #2,  the  measured  thickness 
difference  (denoted  as  ’delta’  T)  between  the  March  1880  baseline  «*‘enn*"g  and  ';he  October 
1080  examinations  is  noted  aiDacent  to  the  Minimum  Thickness  value.  It  is  suggested  that  all 
subsequent  scanning  sessions  be  compared  to  the  oris^nal  T-SCAN  baseline  data. 

Hardcopy  T-SCAN  images  are  printed  in  Course-Sequences  whereby  thickness  values  leas  than 
the  nominal  thickness  are  shown  in  the  TOP  view, 

7.2  EVA  Figures  and  TaUeo  (Appendix  4) 

EVA  plots  and  graphs  are  included  for  documentation.  Disoission  of  the  significance  of  EVA 
calculations  is  included  in  Section  10.0 

7.3  Rwftngraphic  Bepcoduetkoa  (Appendix  6) 

Photographic  reproductions  of  the  original  radiographs  are  presented  in  Appendix  6  with  a 
discussion  of  measurement  technique. 
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8.0  UWDER8TANPING  T-SGAN  HARDCOPY 


'rhe  end  result  of  a  T-SCAN  survey  is  a  permanent  record  of  thickness  measurements  presented 
in  the  form  of  a  T-SCAN  image.  T-SCAN  images  (parts)  of  the  scan  area  may  be  hardcopied 
singily  or  in  continuous  sequences.  T-SCAN  images  consist  of  two  views  of  the  inspection 
voltune,  scaling  information,  display  lines,  and  color  referencing.  Figure  8.1  is  an  example  of 
a  T-SCAN  printout,  and  the  following  image  evaluation  discussion  is  based  on  the  figure. 

8.1  T-SCAN  Imge  Views 

The  T-SCAN  image  of  Figure  8.1  is  configured  to  represent  two  prqjectlon  planes  of  the 
inspection  volume.  These  prqjectlon  planes  are  labelled  as  TOP’  and  ’SIDE'.  prqjectlon 
plane,  or  ’view’  is  bordered  by  a  rectangular  frame.  By  simultaneous  use  of  two  projection 
planes  (views),  one  is  able  to  vistialize  a  three  dimensional  relief  of  the  inspection  volume. 

TOP  ^aew  Frame 

The  TOP  view  is  as  if  an  observer  was  viewing  the  testpiece  from  above  the  examination 
surihee.  The  image  length  (distance  in  the  x-direction)  of  the  figure  is  126  mm.  The  image 
width  (distance  in  the  y-directlon)  is  120  mm.  Therefore,  this  image  represents  a  scan  area  of 
126  X  120  mm.  Both  image  length  and  width  may  be  selected  by  the  operator  during  a  test 
to  minimise  inspection  time  and  maximize  resolution.  The  TOP  view  frame  size  will  not 
typically  vary  In  dimension  for  different  length/width  combinatlonc,  end  is  composed  of  16000 
tUelmess  data  points. 

sroE  ^^ew  Frame 

The  SIDE  view  of  the  figure  is  a  projection  view  as  if  an  observer  was  viewing  the  iiupection 
volume  from  the  side.  A  prqjected  side  view  does  not  represent  any  single  ’slice’  of  the 
testpiece,  bui  rather  a  compete  of  all  side  views  of  the  inspMt’.on  volume  prqjected  into  one 
plana.  Normally,  the  top  of  the  SIDE  view  frame  does  not  represent  the  outside  sxirface  of  the 
testpiece.  Hence,  SIDE  view  scaling  may  be  selected  to  provide  increased  screen  resolution  in 
the  thickness  dimensioa  In  the  figure,  the  SIDE  view  frsme  is  s  window  or  expansion  of 
measured  thickness  where  the  Upper  and  Lower  display  limit  is  1.6  and  16.0  mm  respectively, 
as  noted  to  the  left  of  the  SIDE  view  frame. 


6.2  T-SCAN  Diqday  Level  and  Color  Coding 

Display  Level:  Extending  horizontally  acrozs  the  SIDE  view  is  a  dotted  line  denoted  as  the 
Diqilay  Levd.  The  display  level  may  be  varied  by  the  operator  to  investigate 
thinning  trends  and  locate  areas  of  minimum  thicknesses.  In  th'^  Figure,  the 
display  level  is  set  at  14.8  mm.  Any  portion  of  the  inapection  volume  whkdi  is 
measxired  to  be  less  than  14.8  mm  is  displayed  graphically  in  the  TOP  view 
above. 


Color  Coding.  Sinco  T-SCAN  images  are  ’topographic’  maps  uf  the  inapection  volume,  colors 
ar4  used  to  denote  thickness  contours  or  stsps.  Up  to  el^t  colors  may  be  used 
to  visualize  the  thickness  steps.  In  the  Figure,  the  thickness  (color)  steps  begin 
at  13.6  mm  (BASIS)  and  continue  at  thickneu  intervals  to  8.3  mm.  Therefore, 
with  a  sini^e  hardcopy,  one  msy  see  the  extent  of  corrosion  (hy  use  of  the 
display  level)  and  identity  the  worst-case  thinning  (by  use  of  the  color  steps). 
Thickness  ’steps’  may  be  selected  by  the  operator. 


T-SCAN  iriAGE 


8.3  Data  Dropout 

Thou^  the  T-SCAN  image  is  an  invaluable  tool  for  corrosion  and  thickness  mapping,  it  must 
be  understood  that  occasional  indications  may  be  superfluous.  Tliese  inconsistent  data  may 
be  caused  by  aurfisce  roughness  or  probe  liftoff.  Inconsistent  data  are  sometimes  called  data 
dropout.  T-SCAN  procediues  desc^be  criteria  for  dropout  acceptance  levels  which  evolved 
from  numerous  tests  at  DNV.  Inconsistent  data  normally  m^y  be  distinguished  b7  unusual 
distribution,  extreme  'depth',  and  number  of  data  points  involved. 

8.4  Additkod  T-SCAN  Hardcopy  Optkoa 

Thouid^  the  Figure  is  a  typical  hardcopy  configuration,  the  following  display  features  are 
available  when  detailed  image  evaluation  is  desired; 

-  Inch/mm  conversion 

Per<ent  wall  loss 
“  PrqjectedEND  View 

Sectioned  SIDE  or  END  View 

Image  Coding  (Normally  for  complex  surveys) 

Position  Cross  Hairs 


9.0  APPUCATtON  OF  EVA  TO  BASIN  F  STOEAGE  TANK  SURVEYS 
0.1  EVA  OvenrieH 

Extreme  Value  Analysis  (EVA)  is  a  statistical  sampUtig  technique  frequently  used  on  storage 
tank  bottoms  to  predict  the  minimum  remaining  thickness  based  on  data  collected  with  the  P- 
SCAN  instrument.  In  conventional  examinations,  the  EVA  surveys  are  performed  as  follows: 

Determine  the  optimum  number  of  survey  locations  to  be  surface  prepared. 
DNV  specifies  this  number  based  on  tank  diameter  and  statistical  requirements. 

Surfhce  prepare  the  required  number  of  survey  locations  by  needle  gun/wire 
brushing  or  li|^t  sandblasting. 

Perform  T-SCAN  thickness  mapping  of  each  location 

Analyze  T-SCAN  data  tiles  to  determine  minimum  thickness  for  each  survey 
location. 

Input  the  minimum  thickness  values  into  the  Extreme  Value  Analysis  program 
and  produce  curves  for  three  methods  of  analysis. 

Oil  ICodifieBtiaa  of  EVA  to  Basin  F  Tank  Surveys 

EVA  procedures  and  analysis  software  currently  approach  predictions  of  wall  loss  by  means  of 
extreme  ntfaiiinum  thicknesses  for  each  sample  area.  The  presumption  made  is  that  factors 
promoting  corrosive  wall  loss  result  in  a  consistent  pitting  dtotributkn.  In  the  case  of  the  Basin 
F  Storage  tanks,  the  nominal  wall  thickness  is  not  a  constant  for  all  courses;  the  lower  courses 
are  thicker.  Consequently,  in  order  to  apply  the  EVA  concepts,  the  following  considerations 
were  given  for  Part  :0S  of  each  vertical  course-sequence: 

..  Minimum  and  average  thickness  for  Courses  1,  2,  and  3  were  converted  to 
millimeters. 

The  arithmetic  mean  of  flO  tabulated  average  thicknesses  (for  courses  1,  2,  and 
3)  was  calcxilated.  For  these  surveys,  the  calculated  mean  was  found  to  be: 

TANK  #1:  0.778  ’  (19.8  mm) 

TANK  #2:  0.778  "  (19.8  mm) 

TANK  #3:  0.786  "  (19.9  mm) 

For  data  of  courses  4  and  6,  it  was  necessary  to  bios  the  thickness  to  represent 
the  thickness  of  Courses  1,  2,  and  3.  Therefors,  for  Course  A  and  6  part  :02 
data,  the  difference  between  the  tabulated  stverage  thickness  and  the 
mtnfaniim  thickness  was  subtracted  from  the  arithmetic  mean  calculated  above. 


EVA  calculations  are  performed  on  the  biased  data,  and  the  minimiim  predicted 
thickness  is  presented  by  the  EVA  program.  This  mlnimiun  thickness  is  then 
subtracted  from  the  mean  thickness  to  provide  the  mgiBmB  predicted  wall  loss. 


9^  UodentandiDg  EVA  PlotB  (Appendbc  1) 


A  All!  understanding  of  EVA  plots  may  be  accomplished  only  with  complete  knowledge  of 
Extreme  Value  Statistics.  For  those  unfamiliar  with  Extremal  Statistics,  general  attributes  of 
the  EVA  plots  are  noted  below; 


Plot  Title;  Appears  at  the  top  of  the  plot  and  is  generally  used  to  identify  the  tank 
number  and  client. 


EVA  Frame:  Appears  at  the  upper  ri|^t  of  the  plot  with  a  number  of  analysis 
f>arameters: 


METH  Identifies  the  algorithm  method  used  to  produce  the  plot.  Currently, 
three  methods  are  available  for  use. 

DATE:  Date  of  EVA  Survey 

RTN:  Numerical  value  of  the  Return  Period,  a  parameter  used  to  derive  the 
predicted  mlnimiun  thickness  for  the  METHOD.  For  all  tanks,  the 
return  period  was  calculated  to  be  7897. 

DEVY;  For  least  squares  linear  regression,  this  denotes  the  Standard  Deviation 
in  the  thickness  dimension. 

COKR:  Denotes  the  correlation  coefficient  of  the  total  sample  variate  for  the 
METHOD  in  current  use.  A  ’good*  correlation  is  considered  to  be 
between  -O.fifi  and  •1.0  and  data  points  will  closely  approximate  the 
regression  line. 

Plot  Scaling;  Four  scales  are  incorporated  in  the  EVA  plots 


1  Ramafaitng  Thkkneaa:  Directly  related  to  the  minimsw  derived  firom  the 
original  T>SCAN  tabulided  data. 

2/3  Standard  Extremal  Variate  and  Probability 

Two  mathematically  related  ecales  used  in  statistical  evaluation  after  data 
reduction  and  transformation. 

4  Betum  Period  (Not  shown)  A  horizontal  scale  mathematically  related 
to  Standard  Extremal  Variate  and  Probability  scales  and  Is  used  in 
defliUng  the  minimum  predicted  thickness  for  the  METHOD  in  current 
use. 


Data  Points;  All  \mique  minima  values  are  asMgned  a  corresponding  standard 
Extremal  Variate  and  are  plotted  as  points  or  squares,  dependii  j  on  the 
METHOD  in  current  use.  A  best  fit  regression  line  is  calculated  and 
extrapolated  to  intersect  with  the  appropriate  return  period.  The 
corresponding  minimum  thickness  for  the  I^THOD  is  printed  adjacent 
to  tbo  line. 


f 


10.0  DISCUSSION 

10.1  ConqMdboa  of  T-8CAN  Data  with  DNV-QAS  Preservice  BaaeBne 


A  comparison  of  the  minimum  measured  thickness  of  the  automated  surveys  and  the  pre-  id 

service  grid  measurements  was  made  and  the  following  table  summarizes  the  results.  It  must 
be  emphasized  that  the  pre-service  grid  measurements  were  obtained  after  removing  localized 
areas  of  paint.  Hence,  the  grid  measurements  are  without  paint  influence.  Conversely,  T- 
SCAN  measurements  were  influenced  by  paint. 


lAM-WQ. 

QAS-Loc. 

T-9CAN  IiBM^ 

DNV-QAS  Data 
Min-T,  Avg.1. 

T-SCAN  Data 

Mm,.T.  Ayfc  T 

1 

09 

TK1-S3C4.4 

0.850 

0.862 

0.860 

0.886 

1 

06 

TK1-S1C4.1 

0.822 

0.837 

0.820 

0.866 

1 

08 

TK1-S6C4.4 

0.833 

0.838 

0.B16 

0.866 

1 

07 

TK1-S7(>4.4 

0.846 

0.860 

0.860 

0.870 

2 

17 

TK2-S1C4.4 

0.827 

0.886 

0.826 

0.860 

2 

18 

TK2-S7C4.4 

0.835 

0.839 

0.820 

0.846 

2 

19 

TK2-S6CV1.4 

0.849 

0.868 

0.860 

0.880 

2 

20 

TK2-S3C4.4 

0.826 

0.888 

0.B36 

0.860 

2 

22 

TK2-S2C1.4 

0.743 

0.762 

0.730 

0.770 

2 

23 

TK2-82C2,1 

0.742 

0.740 

0.780 

0.770 

3 

29 

TK3-S1C4.4 

0.833 

0.840 

0.880 

0.860 

8 

30 

TK3-S7C4.4 

0.848 

0.864 

0.846 

0.860 

a 

31 

TK3-S6C4.4 

0.822 

0.826 

O.B40 

0.866 

3 

02 

TK3-83C4.4 

0.833 

0.836 

0.840 

0.866 

8 

33 

TK3-S4C4.1 

0.826 

0.838 

0.816 

0.860 

10.2  Isolated  Thin  Areas 

During  evaluation  of  the  data,  several  small  Isolated  areas  of  thinning  were  noted.  While  it  is 
possible  that  the  thiimlng  was  the  result  of  corrosion,  It  is  likely  that  some  of  the  ’pit* 
measurements  were  actually  surface  gouges  or  'pock-marks’  that  existed  at  fabrication.  A  casual 
visual  exaDodnation  of  the  outside  surface  noted  scattered  areas  of  gouges  (presumably  from 
rolling)  and  small  depressions.  It  is  assvuned  that  »<tniiar  anomalies  exist  internally.  External 
grinding  was  noted  where  alignment  lugs  were  once  welded  during  construction.  Since  the 
inside  surface  of  the  wall  was  smoothed  by  grinding  and  sandblasting,  it  is  probable  that  shallow 
depressions  remained  after  surface  preparation.  Indeed,  ad|jacent  to  some  girth  welds,  reduced 
thickneu  (by  0.010  to  0.060")  was  measured. 

10.8  Tank  #3  Wafl  Profile  Ghnogee 

Following  data  evaluation  and  application  of  EVA,  it  was  found  that  a  general  wall  loss  of 
approximately  0.016"  has  occurred  since  March  1989.  However,  a  deviation  of  the  general  wall 
observation  was  identiflad  In  Scan  6,  Course  6,  Part  4  (File  TK2-S6C6.4). 

In  March  1989,  the  minimum  thickness  for  Image  TK2-86C6.4  was  found  to  be  0.916".  The 
October  1980  minimum  measurement  for  the  same  area  was  0.826".  These  data  indicate  a 
loeallsad  wall  loas  of  approximately  0.000*/6  months.  Concurrent  with  the  wall  loas  waa  a 
band  of  reduced  measurements  Just  above  the  floor  level  as  evidenced  by  horizontal  scans  TK2- 
(  H8C6  and  TK2-H4C6.  This  buid,  which  was  not  as  pronounced  in  March  1989,  currently 

extends  for  approximately  10  feet  about  the  drcuxnferrace. 


10.0 


PISCUSMQN 

Cotniwiri^on  of  T-SGAN  Data  with  DNV-QAS  Preaerwce  Baaeline 


10.1 

A  compariBoa  of  the  minanuia  measured  thickness  of  the  automated  aurv^  and  the  pre¬ 
service  grid  measurements  was  made  and  the  following  table  summarizes  the  results.  It  must 
be  emphasisod  that  the  pre-service  grid  measurements  were  obtained  after  removing  localized 
areas  of  point.  Hence,  the  grid  measurements  are  without  paint  influence.  Conversely,  T- 
SCAN  measurements  were  influenced  by  paint. 


TAUKKO. 

Trgfi^fQgaagfi 

DNV-QAS  Data 
MinT.  Avg  T. 

T-SCAN  Data 
Min  T.  Avg.  T 

1 

06 

'1X1-3304.4 

0.860 

0.862 

0.860 

0.885 

1 

06 

TK1-S1C4.1 

0.822 

0.837 

0.820 

0.865 

1 

08 

'1X1-8604.4 

0.838 

0.838 

0.815 

0.865 

1 

07 

TK1-S7C4.4 

0.846 

0.860 

0.860 

0.870 

2 

17 

TK2-S1C4.4 

0.827 

0.836 

0.826 

0.860 

2 

18 

'1X2-8704.4 

0.835 

0.830 

0.820 

0.846 

2 

19 

TK2-S6C4.4 

0.846 

0.868 

0.860 

0.880 

2 

20 

TK2-S3C4.4 

0.826 

0.838 

0.836 

0.860 

2 

22 

TK2.S2C1.4 

0.748 

0.762 

0.730 

0.770 

2 

23 

TK2-S2C2.1 

0.742 

0.746 

0.730 

0.770 

3 

26 

1X3-S1C4.4 

0.8S3 

0.840 

0.830 

0.860 

3 

30 

TK3-S7C4.4 

0.848 

0.864 

0.845 

0.860 

3 

31 

TK3-S6C4.4 

0.822 

0.826 

0.840 

0.866 

3 

32 

TK3-S3C4.4 

0.833 

0.836 

0.840 

0.866 

8 

33 

TK8-S4C4.1 

0.826 

0.883 

0.816 

0.860 

10.2  Isolatad  Thin  Areas 

During  evaluation  of  the  data,  several  small  isolated  areas  of  thinning  were  noted.  While  it  is 
poaaibie  that  the  thinning  was  the  result  of  corrosion,  it  is  likely  that  some  of  the  ’pit’ 
measurements  were  actually  surface  gouges  or  ’pock-marks’  that  existed  at  fabrication.  A  rsnunl 
visual  examination  of  the  outside  surface  noted  scattered  areas  of  gouges  (presumably  firom 
rolling)  and  small  depressions.  It  ia  assumed  that  similar  anomalies  exist  internally.  External 
grinding  was  noted  where  alignment  lugs  were  once  welded  during  construction.  Since  the 
inside  surface  of  the  wall  was  smoothed  by  grinding  and  sandblasting,  it  is  probable  that  shallow 
depressions  remained  after  surface  preparation.  Indeed,  adjacent  to  some  girth  welds,  reduced 
thickness  (by  0.010  to  O.OOO*)  was  measured. 

10.3  Tuk  #2  Won  Profile  CSmngea 

Following  data  evaluation  and  application  of  EVA  it  was  foimd  that  a  general  wall  loss  of 
approximately  0.016'  has  occurred  since  March  1980.  However,  a  deviation  of  the  general  wall 
loss  observation  was  identified  in  Scan  6,  Course  6,  Part  4  (File  '1X2-8605.4). 

In  March  1086,  the  minimum  thickness  for  Image  TK2-S6C5.4  was  found  to  be  0.616”.  The 
October  1689  mlntmnm  meMurement  for  the  same  area  was  0.825".  These  data  indicate  a 
localised  wall  loss  of  approximately  O.OJOV6  months.  Concurrent  with  the  wall  loaa  was  a 
bond  of  roduced  measurements  Just  above  the  floor  level  as  evidenced  by  horizontal  scans  TK2- 
H8(36  and  TK2-H4C6.  This  bond,  which  was  not  os  pronounced  in  March  1680,  currently 
extends  for  approximately  10  feet  about  the  circumference. 


10.4  EVA  Besuha 


The  maxnninti  predicted  pit  depth  for  the  tanka  waa  calculated  to  be: 

TANK!;  0.086"  i  0.020" 

TANK  2:  0.126"  +.  0.020" 

TANKS:  0.099"  ±.0.016" 

It  la  clear  that  Tank  #2  haa  a  general  thickneaa  diatribution  alightly  leaa  than  Tanka  1  and  3. 
The  comparatively  amall  predicted  wall  loaa  of  Tank  1  and  Tank  3  ia  likely  to  be  the  reault  jf 
plate  nominal  thickneaa  variationa  and  ali^t  corroaion  ariaing  from  condenaation. 

10.4.1  EVA  Predictions  and  Tank  #2  Measurements 

Measured  Wall  Loaa 

The  moat  significant  reduction  of  wall  thickneaa  was  found  to  be  at  the  bottom  of  Scan  6, 
Course  6.  The  current  (October  1989)  minimiim  thickness  of  this  scan  area  was  found  to  be 
0.826  inches.  The  average  thickness  of  the  steel  plate  in  which  the  thinning  occurred  was 
measured  in  the  pre-service  haseiine  as  0.952  inches.  Hence,  the  approximate  wall  loss  may 
be  found: 

0.962  •  0  825  -  0.127  inches. 

Predicted  Wall  Loss 

The  EVA  calculations  baaed  on  the  data  of  October  1989  predict  a  maximum  pit  depth  of  0.126 
inches.  This  prediction  ia  based  only  on  part  :02  data,  liie  thinning  detected  in  paurt  :04  with 
a  minimum  measurement  of  0.826"  played  no  role  in  the  EVA  calculations.  Hence,  it  is 
important  to  note  that  even  if  the  thinning  was  ast  detected,  the  depth  of  pitting  would  have 
been  pradkiadL  The  wall  loss  observed  In  Scan  6,  Couroe  6  is,  at  this  time,  consistent  with  the 
pitting  diatribution  model  assumed  in  EVA  calotlationa.  It  appears  to  be  coincidence  that  the 
scan  areas  of  the  corrosion  monitoring  program  include  the  'worst-case*  thinning. 


10.6  Badiogregilik  ObeerratioaB 

The  minimum  valve  stem  thickness,  as  determined  by  radiographic  methods  were  found  to  be: 

TANK  1:  0.680" 

TANK  2:  0.630" 

TANK  3:  0.626" 

Slight  corroaion  was  noted  in  V-7  and  V-8  of  Tank  #2.  Evidence  of  sediment  or  other 
substance  build-up  was  observed  with  all  tanks.  A  machine  screw  waa  detected  in  Tank  #1, 
Valve  #6. 


appendix  1 

TANK  1:  T-SCAN  Date  Table®  and  Hardcopy 


DNV  Industrial  Services  ln< 


CORROSCAN  DATA  SHEET  JOB  #: 
SITE;  _ 


PAGE: 


DATA  SHEET  #; 
REF.  CAL.  SHT; 


COMP.  ID: 
PIPE  DIA: 
REF.  PT. 


EXAM  DATE:  /j  oc.t 

CIRCUMFEREKCE:  _ 

DATA  TAPE  #;  _ 

DATA  FILE  #;  _ 


SUMMARY 


FILE  IDENTITY  1  DATA  T  MAX  |  DATA  T  MIN  I  DATA  T  AVG 
#  FR 


•(•HI. 


'am 


_ _ n,-?9£> 

_ ^ _ ^  g'.7?S 

« 

_ _ 21^ 

-J22 _ 


QJho 


022^ 

aim. 

(2nk£L 


_S^.x2i[2S 
-JZ^ _ 2^  ^ 


<2J2£2- 

OS35 


COMMENTS 

^  SilCtA-  SrAfr  froivv.  Cb(«  to  'tCn . 


EXAMINER;  __ 
EXAMINER:  _ 

ITL  REVIEW; 


LEVEL: 

LEVEL: 


^«e_4.EVEL: 


7ZZI.  DATE: 


DNV  Industrial  Services  Inc 


CORROSCAN  DATA  SHEET  JOB  #;  *  DATA  SHEET  #:  _ 4 

SITE;  _  PAGE: _ OF _  REF.  CAL.  SHT;  _ 


COMP.  ID:  ( _  EXAM  DATE; 

PIPE  DIA;  _ IN.  CIRCUMFERENCE;  _ 

REF.  PT.  _  DATA  TAPE  #;  _ 

DATA  FILE  #;  _ 

SUMMARY 


DNV  Industrial  Services  Inc 


CORROSCAN  DATA  SHEET  JOB 

SITE:  _  PAGE: _ OF 


DATA  SHEET  #: 
REF.  CAL.  SHT: 


COMP.  ID:  t 

PIPE  DIA:  _  IN. 

REF.  PT.  ' 


EXAM  DATE:  )rs  -odt  -gS 

CIRCUMFERENCE;  _ 

DATA  TAPE  it  _ 

DATA  FILE  it  _ 


SUMMARY 


COMMENTS 


EXAMINER; 
EXAMINER:; 

ITL  REVIEW: 


LEVEL: 


LEVEL:  :sC 
LEVEL:  _ 

E>G\ 


FILE 

# 

IDENl 

FROM 

TTY 

TO 

DATA 

INCH 

MAX 

on 

DATA 

INCH 

MIN 

mm 

DATA 

INCH 

AVG 

mm 

COMMENTS 

C/A-T 

C 

O 

^g.aos 

onv> 

£l'?'?5 

/5?79«? 

/<9,Y 

^»5. 

*7L 

^Qsa. 

<c?7e5 
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APPENDIX  6:  RADIOOBAFHIC  FIUl  BEPBODUCTION8  AND  BESXILTS 


Each  1.5*  diameter  valve  V-1  throu|h  V-8  vraa  sultJected  to  two  radiographic  examinarioDs.  Exposures 
were  taken  vertically  (0  Degree)  and  horizontally  (90  Degrees)  to  detect  wall  loss  and  build-up  of 
material  Minimum  thicknesses  for  each  valve  were  determined  by  means  of  a  comparator.  Thickness 
measurements  by  radlogn^hic  methods  are  considered  to  be  accurate  to  within  i:.  0.020".  The  results 
of  the  radiographic  film  Interpretation  are  summarised  below: 
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The  radiographic  examination  was  conducted  by  MQS  Inspection,  Inc  for  DNV  Industrial  Services. 
DNV  personnel  supervised  the  inspections  and  assisted  the  MQS  radiographer  in  obtaining  exposures. 
The  original  MQS  report  is  included  for  additional  documentation. 

The  Hadloaranhlc  Reproductions 

All  radiographs  obtained  during  the  ixupections  are  reproduced  and  labelled.  However,  it  is  Important 
to  note  that  while  every  effort  was  made  to  retain  ^e  film  detail  slight  variations  of  film  density 
resulted  in  occasional  unsharpneas  in  the  reproduced  prints.  Additionally,  it  was  not  possible  to 
reproduce  the  lead  letters  of  the  film  Identification  without  bleaching  the  valve  image;  hence,  the 
identification  is  overlayed.  Bach  page  of  reproductions  Includes  the  vertical  and  horizontal  exposure  for 
the  valve. 
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